produced by the last seasonal generation of adults are commonly induced to enter diapause by specific combinations of environmental factors; in mid-latitudes these are likely to be decreasing photophase/increasing scotophase and decreasing or consistently low night temperatures. Warmer nights tend to shorten the critical photoperiod for a given population, or may effectively inhibit diapause altogether under field conditions. Beck (1980) characterized diapause induction as falling into four response types. Type I is the common long-day response, in which long days inhibit diapause and there is a single threshold beyond which diapause occurs. Type II, the short-day response, is the reciprocal of Type I. Type III has two well-defined critical daylengths, such that diapause is induced between, say, 8 and 14 hours *Manuscript received by the editor April 15, 1984. Psyche [Vol. 91 light, and inhibited when either less than 8 or more than 14 hr of light occur. Type IV is its reciprocal, in which diapause is inhibited over a relatively narrow range and induced both above and below.
Of the four types, Type I is by far the commonest in temperatelatitude insects and Type IV the rarest. Low-latitude insects have rarely been examined for photoperiodic responses, though the different patterns of seasonality in low latitudes might be expected to produce a rather different picture than that seen in temperate zones.
Type III curves are known from a variety of insects. Among Lepidopterans, two important species that show them are the European Corn Borer, Ostrinia nubilalis (Hbn.) (Beck, 1962) and the Large White, Pieris brassicae L. (Danilevskii, 1961) . The adaptive significance of the short-day threshold is unclear. Normally the entire population would have been induced by day-lengthtemperature interaction to enter diapause before the inhibition threshold was reached. Thus, the photosensitive stages would never be exposed to such short photoperiods in nature, and the existence of a short-day threshold would seem nonadaptive. This (Sims, 1980; Shapiro, unpublished March--again, well-timed to parasitize first-instar larvae from eggs laid by first-brood rapae females. Diapause in this species is known to be under direct photoperiodic control (rather than mediated through the host, hormonally) in the U.S.S.R., but has not been studied in the introduced North American populations (Danilevskii, 1961) . The phenotypes of emerging adults of both butterflies were compared with long series of field-collected specimens from Suisun and Davis from 1984 and prior years, including many individuals which must have come from diapaused pupae, and with reared exdiapause individuals. No phenotypic differences which might permit the detection of non-diapaused adults in the spring populations were recognized. This result confirms experimental results which indicated that the post-diapause adult phenotype is not physiologically coupled to the prior developmental arrest, but is rather a function of ambient conditions after reactivation (Shapiro, 1975a (Shapiro, , 1978 , superimposed on irreversible short-day prediapause determination. Psyche [Vol. 91 As is evident from Table 2 , low-temperature lethality is a rare event in this part of California. Although diapause may confer a degree of frost-tolerance, its principal benefit in P. zelicaon and P. rapae in north-central lowland California seems to be to delay the onset of adult development until the bulk of the rainy season has passed; thus, adult eclosion coincides with sunny, warm weather suitable for flight and hence for reproduction. Pupae accumulate enough chilling by roughly mid-January to come out of diapause; subsequent development is timed by the weather, which thus determines not only the date of first flight but the degree of synchronization of the spring brood (Shapiro, unpublished data) . The unusual 1983-84 winter larvae pupated at about the same time as normal diapausing pupae would have resumed development; hence it is not surprising that their subsequent development was synchronized with the wild population. (On the other hand, diapaused pupae of Pieris napi L. ssp. will develop to the pharate adult at a constant temperature of 3 C, while non-diapause ones will not; hence in that species, diapausers might be expected to eclose first; Shapiro, unpublished.) The 3 diapausing zelicaon presumably cannot accumulate enough chilling to break diapause in spring 1984 and will thus lay over until early 1985. This would expose them to additional risks of mortality, and in terms of contribution to the rate of population increase, place them at a great selective disadvantage relative to nondiapausing members of their 1983-84 cohort (a delay of 4 generations). Multiple-year diapause occurs in most populations of P. zelicaon even under normal circumstances, although it is rare in the multivoltine populations; it is especially common in univoltine foothill races which face unusually unpredictable and stressful climates and which would be expected to engage in "risk-spreading" (Sims, 1980) . On the other hand, although pupae of P. rapae will remain viable for two years under constant refrigeration, no multiple-year diapause has ever been observed in that species under field conditions, and there is no indication that it has any physiological ability to diapause in summer (Shapiro 1975b (Shapiro , 1980b (Emmel and Emmel, 1973; Orsak, 1977; Shapiro, unpublished) and larvae may often be found during the shortest days of the year. Although diapause intensity is reduced and thresholds are moderately shifted relative to further north, even the San Diego populations retain the ability to diapause (Sims, 1980) . How often they use it under field conditions may depend on the timing of autumn reproduction on a year-by-year basis. The hypothesis that both thresholds of a Type III curve are adaptive and under selection is testable in principle by examining latitudinal shifts in critical photoperiods.
We have had under study a culture of P. rapae from Xochimilco, D.F., Mexico, the southernmost (ca. 19N) population of this species in the Americas; it also displays a Type III curve with the short-day inhibition threshold shifted upward (Shapiro, in preparation) .
In climates where the onset of cold is more rapid than the change in photoperiod, that is, where strong air-mass contrasts exist and thermal lethality can occur with great suddenness, it is difficult to envision the low end of a Type III curve as adaptive. Cold nights should assure conservatism in the critical photoperiod, so that nearly all individuals will be determined as diapausers before the inhibition threshold can be reached. Larvae of P. rapae can be found into December and rarely into January at Philadelphia and New York City as well when early winter conditions are mild, but they never seem to survive. On the other hand, the occasional very early onset of lethal cold in such areas should select for more conservative diapause induction than the average conditions seem to warrant.
The natural selection of diapause characteristics, already complicated by its nature as a recurrent (cyclical) process operating every 4th and 5th generation, is further complicated by the ability of stochastic variation to override it occasionally in benign climates.
